In this themed issue, a number of articles are presented that investigate environmental mechanisms in psychotic disorder. Below, we describe some of the challenges associated with this research, in terms of phenotypic definition, the nature of environmental impact and associated design and measurement issues.
The Multidimensional Nature of Psychosis
Elucidating the mechanisms underlying the experience of psychosis remains a significant challenge. Psychotic disorder can be thought of as a spectrum of related diagnostic categories such as schizophrenia, schizophreniform disorder, schizoaffective disorder, delusional disorder, brief psychotic disorder, depression/bipolar disorder with psychotic features, substance-induced psychotic disorder, psychotic disorder not otherwise classified, etc. These diagnoses capture a multidimensional syndrome with a lifetime prevalence of 3.5%, of which the diagnosis "schizophrenia" represents the 30% with a relatively poor outcome. 1 The diagnostic category of schizophrenia, representing the poor outcome fraction, has been studied intensely; however, less resources have been dedicated to studying the other 70% of the multidimensional syndrome. 2 In other words, psychosis has not been studied across the spectrum very much, comparisons of psychosis across disorders has been neglected, and a dimensional framework encompassing all psychotic disorders has merit. Recently, an even broader syndromal perspective of the psychosis spectrum phenotype has been offered that includes subthreshold expressions in variable samples of help-seeking individuals considered at "clinical high risk" (CHR) of developing a psychotic disorder, and non-help-seeking individuals in the general population with subclinical psychotic experiences, at an estimated prevalence of around 10%. 3 This, again, overlaps with traditional conceptualizations of the schizophrenia prodrome which often also include functional deterioration and familial risk. Thus, in its broadest sense, the psychosis spectrum can be studied at different levels of expression in around 15% of the population, which includes both ill and non-ill people.
Dimensions of cognitive, positive psychotic, affective, and motivational alterations account for much of the expression of the psychosis spectrum (figure 1). These dimensions are "transdiagnostic," in the sense that they are expressed in varying degrees across the diagnostic categories making up the clinical psychosis spectrum, and their cognitive, neural, and social mechanisms are likely transdiagnostic as well.
Given the complex nature of psychotic disorder, research focusing on mechanisms is challenging for several reasons. First, much research is focused on the diagnostic category of schizophrenia; however, as this category reflects the poor outcome fraction of a much broader phenotype, it may be difficult to interpret the findings, as any association found in patients with manifest symptoms may reflect either a mechanism of onset of psychosis or a mechanism of poor outcome within the broader psychosis spectrum. Second, research may focus on one or more diagnostic categories within the psychotic disorder spectrum (eg, schizophrenia, schizophrenia spectrum, any nonaffective psychotic disorder, any affective psychotic disorder, any psychotic disorder) or on one or more transdiagnostic dimensions within a disorder or across different disorders, such as the dimension of cognitive alterations or the dimension of positive symptoms (within schizophrenia, schizophrenia spectrum, any nonaffective psychotic disorder, any affective psychotic disorder, any psychotic disorder). Results will likely differ depending on whether sampling is based on a specific diagnostic category or a specific transdiagnostic dimension within the psychosis spectrum. More or less subtle sampling differences thus will further contribute to the important problem of failure to produce replicable neuroscientific findings in psychiatric research. [4] [5] [6] Sometimes, a coherent finding appears to emerge, but questions may remain. For example, childhood trauma is associated with the narrow concept of schizophrenia, the broader spectrum of psychotic disorder as well as with subthreshold expressions of psychotic experiences in non-ill people. 7 However, it is not known whether childhood trauma similarly impacts the dimensions of cognitive or motivational alterations in the psychotic disorder spectrum. This is not an unreasonable hypothesis, given evidence of the impact of environmental adversity on cognition. 8 Sometimes, categorical and dimensional approaches yield interesting contrasts. For example, while cannabis use is considered a risk-increasing factor for psychotic disorder, 9 an unexplained risk-decreasing association is apparent for the dimension of cognitive alterations within psychotic disorder. 10 While it is not known to what degree these associations reflect causal mechanisms, such puzzling qualitative interactions at the level of categorical and dimensional expressions of psychopathology may represent important clues, and suggest that there is a need to integrate research findings across the different phenotypic models of psychosis. Finally, sometimes clear epidemiological evidence for causal risk factors (such as urban birth) lacks an understanding of the mechanism(s) mediating these observations.
The Multidimensional Impact of the Environment
The developing human brain is shaped by environmental exposures. 11 It has evolved as a highly contextsensitive system, enabling behavioral flexibility in the face of constantly changing environmental challenges. Bottom-up sensory stimuli interact with top-down cortical expectations, giving rise to affectively meaningful representations. This is especially relevant in the social world, and specific brain systems have evolved to support adaptive, goal-directed interactions. Multidimensional psychotic syndromes can be at least in part understood as an imbalance in the cycle of adaptation to the social context, including complex societal or area-level influences.
Mechanisms underlying environmental impact can, similar to the layer of complexity conferred by phenotypic variability, be studied at different, related, levels. For example, childhood trauma can be studied in terms of its impact on epigenetic changes (biological), cognitive schemata of social defeat or low self-esteem (psychological), and avoidance of close relationships (social). A plausible environmental mechanism involves evidence at multiple layers of hypothesized impact, given that any psychological effect is likely mediated by cerebral processes. Multilevel evidence of this type is still rare, but maybe studied productively using experimental neuroimaging approaches, eg, in studying cerebral mechanisms of social response and social cognition in psychotic disorder. 12, 13 A topical hypothesis is that populations exposed to societal forces of exclusion and discrimination, such as minority populations, may be at increased risk of psychosis because of a mechanism of experience of "social defeat," mediated by alterations in dopamine signaling. 14 Other challenges are related to design and method. For example, an important dimension in the consideration of environmental impact is time. The impact of environmental exposures may occur on a single occasion (parental death) or vary over the course of days (cannabis use). Other environmental exposures are even more variable, ie, may vary from moment-to-moment over the course of a single day. By sampling this type of environmental experience at random moments in the flow of daily life over protracted periods of time (typically a week or more), individual differences in the responses to small variations in environmental stress can be analyzed. 15 For example, momentary assessment research has established that genetic and environmental factors associated with psychotic disorder impact the momentary subtle expression of "aberrant salience" in response to momentary stress (psychotic reactivity, eg, subtle perceptual anomalies or paranoid ideas) in the flow of daily life. 16 However, how momentary experience of stress gives rise to aberrant salience, as well as other putative psychological mechanisms such as affective disturbance and threat anticipation, which in turn may increase intensity of psychotic experiences in daily life, remains to be elucidated.
Another layer of complexity in environmental research concerns possible gene-environment interplay. First, it may be difficult to disentangle environmental from 
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genetic effects. Genetic liability for psychotic disorder may impact on the likelihood to become exposed to environmental risks. For example, subtle behavioral manifestations associated with genetic liability to psychotic disorder may contribute to cannabis consumption, moving to urban environments, migration, bullying, and other forms of interpersonal childhood adversity. On the other hand, it may be unlikely that all observed associations with the environment are simply genetic "epiphenomena." Similarly, suggestive genetic effects may be mediated by the environment, eg, when familial clustering of psychopathology is caused by a shared environmental factor rather than shared genes. A major challenge is the hypothesis that the effect of environmental exposures may be moderated by genetic liability, ie, enhancing or buffering environmental effects. Gene-environment interactions can be assessed in observational 17 or experimental 18 studies, the former often yielding more statistical power, the latter more experimental precision.
Conclusion: The Phenotype-Environment Matrix
The articles selected for this themed issue take different positions on the phenotype-environment matrix depicted in table 1, representing phenotypic levels varying from intensive time series of momentary subtle experiences of aberrant salience in individuals at "clinical high risk," to experimental neuroimaging phenotypes indexing dopamine response to stress, to psychotic experiences in the general population to diagnosis of schizophrenia. Similarly, a range of different mediating mechanisms were selected from the phenotype-environment matrix, involving different putative environmental risk factors for psychosis, with a particular focus on the issue of social defeat in minority populations. An approach to examine the issue of genetic moderation is also introduced. Thus, Selten and colleagues 19 provide an extensive review on the hypothesis that environmental effects, such as minority position, urbanization, traumatization, hearing impairment, and discrimination, may be mediated by "social exclusion" and the experience of "defeat" which in turn may be accompanied by alterations in brain dopamine function. In a direct test of this, Mizrahi and colleagues 20 present experimental neuroimaging work in controls, patients with a psychotic disorder, and CHR individuals, examining the possibility that the risk increasing mechanism of migration and minority position maybe mediated by an elevation in brain dopamine function. In a similarly mixed sample of patients with incident psychotic disorder, CHR individuals, and healthy controls, Klippel et al 21 investigate how stressful contexts and experiences, enhanced threat anticipation, and experiences of aberrant salience combine to increase the intensity of psychotic experiences in daily life using the Experience Sampling Method. van Os and colleagues 22 use a casesibling-control design to examine to what degree familial liability to psychotic disorder moderates the impact of childhood trauma on the neurocognitive alterations associated with schizophrenia. Finally, Grech et al 23 examine gene-environment interaction, analyzing the degree of familial clustering of psychosis outcomes as a function of exposure to the urban environment in a large, genetically sensitive sample.
We hope the work included will contribute to the elucidation of the heterogeneous manifestation of psychotic disorder. 
